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1.0. INTRODUCTION

This final report, prepared by Utility Reseerch Co. (URC), for the U.S.
Army Tank-Automotive Command (TACCM) under Comtract DAAECT-83-C-R018,
describes the formwl-*"on, molding, testing, and deiivery of new tank
track pads and belts or pads to TACOM. Track pads are subjected to
extremely severe use conditions, which can lead to early failure by a
number of different mechenisms, including chunking, wear, tearing, and
"blowout." This is an importent problem, since a major military budget
item involves replacement pade for the M60 and ML tanke.

The work described in this report includes the study of hundreds of new
formulations, which contained various elastomer formulations, flllers and
reinforcing fibers. Prototype molds were fabricated, and all of the pads
molded during this program were produced by use of these shortrun molds.
M50 pads and rolls of Ml pads were delivered to TACOM for road tests.

2.0. OBJECTIVES

The objectives of this program were to formulate and mold new track pad
materials, which would provide improved wear resistance. Another obJec-
tive wan to deliver M60 psds and rolls of ML track pads for TACOM to
road test.

3.0. CONCLUSIONS

Our program was successful in meeting the objJectives of this program as
stated above. As a reg.lt of our investigation of this important applica-
tion, we have reached several conclusions.

® We vwere able to ilemonstrate that improved wear resigtance pads
. could be developed. It would be feasible to formulste and
mold a track pad that will have much greater wear resistance
than current pads.

e It probably will not be possible to make a great luprovement

{L.Q. A of the wear resistunce of the current styrene butadiene rubber

(SER) compounds.

@ ®*Polyurethane elagtomers that are specifically formulated for
this application will be the best cholce for obtaining great
improvements in wear resistance in the near future. g

e Even with the li.dted time and funds that were avallable to
us for this program, we were successful in demonstrating the
potential of our polyurethane formulations. This was accom-
plished in spite of the fact that much of our time was diverted
to the development and fabrication of prototype molds for mold-
ing the pads that were delivered. Even 1f the delivered pads

o e e i e e e e e 1Y e e
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iﬁ o ‘ | are only equivalent or slightly worse in wear resistance and
w o performance ag the current pad material, this program should
‘ - be considered a great success.

e The current SER material has been developed and used for many

' yeara. Ve have only scratched the surface of the potential
of this new material; therefore, if it performs nearly as well
as the curreant product, there is a high probability that
another moderate coat, brief program would result in a pad

3 formulation that would provide a great lmprovement in per—

‘ formance.

® A low cost setup and rapid screening test were developed to
! provide a comparison of hysteresis properties of candidate
| . compounds. - This test enabled us to anticipate results that
g vould be obtained by TACOM in their blowout tests.

Past studies and trials have shown 1t to be difficult to obtain polyure-
thane elastomers with good hysteresis properties. We were able to formu-
late a large number of polyurethane compounds with excellent hysteresis
properties. Although many of these were too hard and did not have good
tear strength, several formnlations were developed with excellent over-
all properties including tear, abrasion, and hysteresis resistance.

i One formulation (L104-32B) was molded into a Track Pad Design 142 (T142)

. configuration. This pad was designated T-5 and shipped t~ TACOM for
testing. The pad went 100,000 cycles at TACOM without deterioration.

When TACOM sliced the pad in half to check for visual decomposition, there
was none present. The hot tear strength of this formulation was also good.
The Shore A durometer hardness wag slightly high at 90A. This formulation
and several other candidates were not selected for the production parts
due to insufficient time and funding to determine cptimum mixing and
molding for the production scale-up.

It wes found that the molding procedures had a significant influence on
the final properties for both SBR and polyurethane formulations. Both

cure cycle and post cure were important in determining the final properties
of the elmgtomer.

4.0. RECOMMENDATIQNS
k.1. Pad Material

It is urgent that more investigation should be devoted to the formulation
and testing of improved pad materials. We recommend that a major part of
. this effort should be directed towards polyurethane matrix compounds. The
p compounds should include short fiber reinforcements to provide resistance
to tearing and chunking and hard particulate fillers to improve abrasion
resistance. A further advantage of this approesch will be the capability !
of uping liguld injection molding (LIM) to produce lower cost parts.
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Moreover, this type of formulation could be modified to provide resistance
to chemical and biological warfare agents, and would be capable of being
decontaminated.

h.2. Design Concepts

Your design department should consider designs that would provide a larger
area of the pad so that the welght-per-unit area would be lowered. Also,
our company has been involved in lightweight armor concepts which lead us
to the opinion that replacement of the heavy steel armor plate in the ML
tank, with lightwelight composite armor, would provide a great weight
reduction. This would lead to lmproved mileage for the track pads.

4.3. Murther Recommendations

TACOM should have a number of single cavity molds for each pad design.

Any company that receives z contract to improve the pad wear resistance
should obtain from TACOM the proper mold to provide test purts. This
would provide more time for the formulation studies, panel molding, and
physicel testing that are the essential tasks that could result in a great
improvement of tread wear resistance.

5.0. DISCUSSION
5.1. Background

The operational life of the metal components of the M60 series tenk is
approximately 9,000 miles or more, while the average life of the rubber
track pad that it rides on 1s seldom wore than 2,000 miles under the best
circumstances, and is usually less than 500 miles under the severest con=-
ditions.l This poor performance is even worse in the case of the rew Ml
tank track pad. A recent report by Army Materials and Mechanics Research
Center (AMMRC) included this statement from the TACOM Track and Suspension
R&D Symposium, 29-30 March 1982: "Current annual repaipy and replacement
costs for track rubber used in tanks. otﬁEf'f?EEE—Véﬁicles are esti~
matud to beIH the range o $100 000 0002 this estimate is expected to
double within the next ten Years with the full implementation of the Ml
main battle tank into the Army inventory." This emphasizes the importance
of the obJectives of this project.

5.1.1. Description of Track Pads and Performance Requirements. The Ml
tank and track pads are shown in Figure 5-1. An article in the September
20, 1982 issue of the Wall Street Journal, stated that the M1 ". .
treads, which were supposed to go 2,000 miles, were averaging Just over
1,000 mlles in the tests. It may be possible that at this point in our
technology, the treads cannot be made any better." A copy of this article
is shown in Figure 5-2. It indicates that this is sn important and diffi-
cult problem that hes been well publicized. A similar article, at Figure
5-3, appeared in the January 27, 1985 issue of the Newark Star Ledger.
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Track Pads

Pigure 5-1. ML Tank
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Worst Enemy of the Army’s New M1 Tank
May Have Been Itself, U.S. Testing Shows

By Amanoa Bonwerr dociumants public, .
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Flgure 5~2. Wall Street Journal Article

ties,” the analysiy caid,

“The Army says it has done just that.
“We'va made & lot of improvenients” siace
the tests were compieted in the summer of
1981, an Army spokesman said. More thai
1% M1 tanks are currently in operation with:
an Army division in Germany, the spokes-
sald, and “they’re running very well,”
or veptirer parts dac traing’
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have tak lot of lixes to sat-
tank personnel during the opera-
ianis, While those working with the
fmpressed with 1ts speed and ma-
- ty, they complained of numerous
that they t impeded their
salety or comlort. Some handier inside the
fank endangered crew members’ eyes, eval-
uators believed. They complained that the
S0-caliber machine gun could be fired accl-
dantally, but that it was hard to locus pre-
Cigely on targst.
Neck and Back Pain

Of 29 drivers during one trst, 27 reposted
neck and buack paln bad enough to require
madical altention after operating the tank
for severa! hsurs with the hatch closed.

The Army nonetheless maintmins that
with the fixes 1t has made, the M1 is a supe-,
rior tsak. “As it sits right now on the

, §i's as good ux or better tham mny

tank that's t:::god in the world,” the Army

T

repalr procedures ind | spok

As for the durability of the: power train,
the Army sald § has made corrections to &
sumber of areas such as the drive shaft and
gear boxes, and has just begun a series of
tests to see Il that Increases longevity. Using i
& comblnation of diiferent operational and
developmental tests and throwing out (ali-
ures Uiat It doesn't consider o be the tank's
!ault. the Army figures the tank stands a
31% chance of going the 4,000 miles without
& Dreakdown of critical drive-train parts,

In St Louis, 2 spaXesman said General
Dyuainics wouldn't have any comument,
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| 3 Sundar Star-Ledgee
‘ : ' Januavy 27, 1985

~ Controversy swirls
- around supertank

o By ROBERT LEWIS
B Howheuus Nows Sorvice

_ WASHINGTON~-1f war comes to Europe, US. military planners envision a ground attack
~ by Warsaw Puct natlons—with the Soviel Union's massive arsenal of heavy and mediuns tanks
I ' spearieadisg the ussault,
S . Whiie the Cormmnunist bloc bolds a better than 3-to-1 advantage in armor over NATO
. [orces, the Pentagon is counting on superipe performance by the Unlted Slates’ new Ml Abraais
tank to offset Russia’s superior numbers.
According to the Pentagon, the N1 Is the world's finest tank and culclusses the Soviet's
T80 and Wesl Germany's Leopard in mobility, firing sccuracy and crew survivability.
. But this maneuverability~a critical factor in armored combat—canwe at bigh cost and
raised debate over whether the M1 can live up lo expecta-

tions. The Army insisis the M1 can, but this probably
won't be known with any certainty unless and until the
tank actually performs in combat. ‘

. Because of the tank’s complexity. however, the mill-
tary was forved to make technical tradeolls, including:

s Higher fuel qqu‘:fuon to gain mobility. This
reduces the tank's range and could cause logistical prob-
lems during combat.

Poor mileage alxo limits the M1's range. At 4 gailons
per mile, the M1 could travel only 125 miles on s 500-
gallou fuel tank. The Army lists the Ml's range as 275
miles. .

Figure 5-3. Star-Ledger Article (Newark, NJ)
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This article states that, "Another major problem with the Ml has been its
trucks, which average 850 miles of use bafore replacements are needed.
The Army had expected a track life of at least 2,000 miles."

The M60 13 in a weightclass near 57 tons and travels about 25 miles per

hour over rough terrain. The pad is subject to extreme stress and high
energy buildup. For the Ml tank, which is closer to the 63 ton weight-
class and travels at up to 45 miles per hour over rough terrain, the
astress and energy btuildup ies even greater. In either case, the effect is
cne of a demanding wear condition. An lmportant factor in the potential
domage to the track pad material is the deformation of the elastomer when
under load and then a quick return to its original configuration. The
quick repetition of this action can produce extremely high temperature/
energy incresuses so that the material will be subject to thermal degrada-
tion in combination with the physical forces causing wear. In addition,
incursive road obJects tend to produce highly localized tearing and
puncturing forces that can quickly demage the tank track puad.

5.1.2. Discussion of Track Pad Material. The current material that is
used to manufacture tank track pads is SER rubber. Our plan for this
program was to lavestigate improvements of SER compounds by applying our
background in the use of fillers and reinforcements. We also planned a
parallel effort to investigate polyurethane matrix composites that may
provide improved wear resistance, and alsc have other properties that are
required for this application. Polyurethanes have heen noted for excel-
lent abrasion and wear resistance. However, prior ettempts to use this
type of material for dutomotive tires or tenk track pads have led to
failures due to reasons other than wear resistance. One wmain reason has:
been the hysteresis heat bulldup that occurs during the rapid temperature
rise in the center of the pad to over 300°F, end many polyurethane formula-
tions and even some conventional SBR rubber formulations fail by blowout
due to rapid thermal degradation. Because of this fact, a main test that
ig conducted at TACOM is the blowout test, in which a pad of the test
material 18 piaced on a test fixture and subjected to rapid compression
cycles. Any material that survives 100,000 cyecles without blowing out is
considered a good caundidate for this application.

5.1.3. Polyurethanes for Track Pud Application. Although early attempts
to Jevelop a polyurethane automobile tire had falled, there has been a
resurgence of activi'y in this fleld. A paper that was presented at the
Fall, 1983 meeting of the Polyurethane Mamnufacturers Assoclation stated
that, "Our testing, confirmed by independent evaluators, convinces us that
the molded (polyurethane) tire is capable of penetration into all tire
market segments with a product offering superior performence at a price
competitive with existing technology."< A lower heat buildup than the
comparison conventional radiasl tire was reported, along with reduced tire
tread loss, and superilor cut-growth resigtance. A 50 percent longer life
wag forecast. A paper presented at the May, 1984 meeting of the Rubber
Division, American Chemical Soclety in Indianapolils, Indiana reported the
study of polyurethane tires for Israeli army vehicles. These tires had
conventional treeds with a LIM polvurethane carcass.

15
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The later reports verify the fact that polyurethanes are worth investi-
gating as a potential means for developing wear resistant tank track

pads. All of the prior investigations of polyurethare tires have appar-
ently lnvolved the unfilled polymer. In the early stages of this program,
the main effort involved screening a large number of unfilled polyurethanes
in order to choose the best candidate matrices for further formulations
containing fillers and reinforcing fibers, while also testing the unfilled
matrix for comparison.

AMMRC has taken a strong interest in the "Evaluation of Polyurethane Elas-—
tomers for Application in Vehicle Tracks." A puper with that title was
presented at the 1984 Society of Plestic Engineers Annual Technical Con-
ference (ANTEC). ‘'The authors were Anthony L. Alesi, Willlam W. Houghton,
Margaret E. Roylance, and Robert W. Simoneau. This was an excellent paper
that gave a good insight into the potential benefits and disadvantages of
using polyurethane elastomers for vehicle tracks. The following excerpt
is from that paper.

Pad durability is & matter of concern since track replacement
is most often necessary because of pad wear. Pads can be worn
through to the metal in a few hundred miles of off-the=-road
travel at high vehicle speeds and track replacements is costly.
Per mile costs can be multiples of the fuel cost. The nature
of the ground surface, the speed, weight, and welght distribu~
tion of the vehicle and ambient weather conditions are some of
the factors that influence pad wear.

Track pads are subject to cyclic compressive loading egainat
ground surfaces that can be highly irregular aud may contain
loose obJects such as stones. Local strains can be very high.
Vehicle travel involves linear and rotary rubbing motion of the
ped against the ground. Friction, cyclic loading and the resuli-
ing hysteresis raise pad temperature. The environment—-sunlight,
water, oxygen, ozone, air and ground temperatures--—also interacts
with the rubber. Causes and mechanisms of wear are being inves-
tigated and chemical thermsl and mechanical factors ldentifled.
Wear can occur through abrasion, fatigue and "chunking." Chunk=
ing 1is the loss of large pleces of elastomer and is the most
rapld of the wear phenomens. Catastrophic fallure can occur
either as "blow-out" caused by hysteretic heating or by debond-
ing from the metal supporting structure.

Synthetic rubber is now specified for use on U.S. tracked combat
vehicles and only styrene~butadiene rubber (SBR) compounds have
actually been purchased. As a result most military research and
development seeking to incresse track pad durabllity is concerned
with synthetlc and natural rubber, but polyurethanes and other
elastoners are also being investlgated. Polyurethanes offer some
attractive properties, compared to rubber, such as higher strength
and excellent abrasion resistance. Disadvantages clted are higher
hysteresis, lower frictlon and susceptibility to hydrolysis.
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This paper describes some of the work being conducted at the Army
Materials and Mechanics Research Center with castable urethane
elastomars. Hysteretic heating was used as a critericn for
selection of candideate polyurethanes for several reasons. There
is a possibility of catastrophic blow-out from excessive hys—-
teretic heating, but more importantly, such heating will raise
the pad temperature and chan, : the elastomer's response to its
loading and enviroument. Also, elastomer degradation will occur
from continued and repeated operation at elevated temperatures.

Many interesting papers related to track pad elastomers were presented at
the Thirty-Second Sagamore Army Materials Research Conference, June, 1985.

We are pleased to observe the increased activity, especially by AMMRC, on
research involving the polyurethane elastomers. We believe that these
elastomers have the best potential for providing an early solution to the
problem of significantly incressing the wear resistance of track pads.
However, we believe that the judicious use of fillers and reinforcements
vill be essential for the greatly improved performance that should be
feasible with a polyurethane elastomer composite. Prior reports,
including thcse cited above, have not indicated any detailed investiga-
tion of combinations of fillers and short fiber reinforcements in poly-
urethane.

5.1.k. Pibers for Track Pads. There are many potential benefits in the

use of short fibers for the reinforcement of rubbers and elastomers. A
typicel study showed that the use of wood cellulose fibers more than doubled
the burst strength of extruded rubber hose.3 Another study of natural cellu-
lose Tibers, which had an aspect ratio of 100:1, reported that, ". . .
experimental tires with 10% fiber in the bead filler typically ran for

65,000 km without failure. "l However, in our studies, very high loadings

of fibers had an adverse effect on the hystieresis problem, and can lead

to processing problems, so the type, loading, and orientation of fibers

in a track ped must be investigated and carefully controlled.

5.1.5. Fillers for Track Pads. There are also many potential benefits

in the use of fillers in plastics and elastomers.” In the case of the track
pad application, the proper choice of fillers can increase the thermal con-
ductivity of the elastomer, which can spread the localized hysteresis heat
and prevent blowout of the pad. Also, the addition of hard fillers to the
formulation can provide improved abrasion resistance. Excess loading of

the fillers would be detrimental for many reasonse, including the fact that
the resultant very high durometer is not desirable for a track pad. There-~
fore, the filler type must be carefully chosen and the content of fillers
must be optimized.

5.1.6. Contract Requirements. Our scope of work, ag stated in the con-
tract, was to provide the necessary personnel, services, material 6 and
facilities to accomplish.the following:
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Conduct research in compounding to generate a track pad or track
elastomer superior to those sxisting under the current MIL-T-11691.
The ¢oatractor shall be exempt from the provision of MIL~T-11891,
and any other gpeacification. The contractor shall be completely
unrestricted in the quest to improve track pad elastomers. The
tracks, which shall be used for sample preparation, are the Track
Pad Design 142 (T142) and the Track Pad Design 156 (T156) track
pads. The contractor sball use his own kuowvledge and experience
tc formulate & more durable and longer lasting track pad. The
contractor mey generate more than one formulation for the evalua-

| tion.

The contract shall be conducted in two phases, Army designations
CLIN 000l and CLIN Q002. CLIN 0001 is for the formulation of !
coampounds and lab testing of those compounds to determine their
properties. The contractor shall also generate lab samples of
the compounds and shoe bodies for blowout and other tests to be
conducted by the contractor and the Government. CLIN 0001 is
necensary to select satisfectory compounds. The contract may

be completed at the end of CLIN 0001, if the Govermment determines
satisfactory results will not be achieved. CLIN 0002 will conmist
of the fabrication of TiL2 track pads and track shoes for ML field
tests. CLIN 0002 shall not be initiated without the writtea
approval of the Contracting Officer.

CLIN 000l consists of the formulation of improved compounds and
the performance of contractor lab tests veriried by TACOM. The
contractor shall supply ten of each suwmple in the form of shoe
blocks te TACOM for lab tests of any compounds considered for
fabricetion in CLIN 0002. The contractor shall be uninhibited
in thea pursuit of superior track elastomers,

TACOM tegting of compound samples and shoe blocks produced under
CLIN 0001 will include blowout on the Baldwin Fatiqua Testing
machine, crack propagation as determined by the "J" factor, heat-
ing generation and crack initiation and other tests determined
necessery by the Government.

CLIN 0002 shall provide hardware for vehicle testing. If CLIN
0001 work has been successfully accomplished and written approval
is received from the Coatracting Officer to proceed with CLIN
0002, the contractor shall provide the following for each compound
fabricated into track components for field tests:

® 2 gots Abrams T=1%6 track (ML) 6 rolls consisting
of 26 shoea each

e T-142 pads (M60) 50 each
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5.2. Materisl Selection and Formmlstion

5.2.1. Preliminary Studies. We revieved the literature and our own
experience related to conventional rubbers and urethane elastomers that
might be used for the matrix of the camposites that we planned to formu-~
late. A literature search by PLASTEC was conducted (see Appendix 4).
Although same pertinent articles were located, no literature reference
was helpful for guidance towards formulations that could have inproved
wear resistance.

Many manufacturers of formulation ingredients, such as DuPoat Company,
Uniroyal Corporation, Upjohn Company, and Rubicon Corporation, were con-
tacted and technical details were discussed.

5.2.2. SBER Coapounds. SBR has been the standard material for track pads.
It has also been used for commercial autcmobile and truck tires. There
are many recorded and proprietary formulations for SBR, and slight varia-
tions of the formulation can have a dramatic effect on the performance

for a specific use. We had proposed to study etandard and new formula-
tions of SBER. Our plan was to use our background in the optimum applica-
tion of fillers and reiuforcements, in order to improve the performance

of this rubber. Oue of the main failure modes of tank track pad. .is blow-
out. This is caused by the rapid campression cycles that the pad under—
goeu, which results in the rapid buildup of heat in the center of the pad.
Since the rubber has poor thermal conductivity, the internal heat buildup,
which can reach over 400°F, causes the rubber to decompose into gaseous
products that expand e«ud can blowout a large section of the pad. One of
our early plans was the use of high levels cf fillers and reinforcements,
wvhich have much higher thermal conductivity than the rubber, in order to
obtain rupid dissipation of the heat buildup, including conduction to the
sdjacent metal couwponents, so that the blowout could not occur. Therefore,
early in this program, much of our studies involved the use of high loadings
of fillers and short fiber reinforcements in SHR.

5.2.3. Polyurethans Compounds. In section 5.1. we discussed the adventages
and prior fallures of polyurethane tires and track pads. Early work in

this program convinced us that the polyurethane-based elastomer offered

a greater potential for major advences in tread wear resistance than the

SER corpoimds. Therefore, most of the later developments in CLIN 0001
involved polyurethane formulations, moldings, and tests. Some of this

work is discussed below.

The screening of candidate materials started with about 7O different elas-
tomers or composite systems containing filler and/or reinforcements that
wvere molded as small trial panels about 4 in. square and 0.080 in. thick.

We then continued our formulation studies by molding over 300 different

elastomer and composite systems in a variety of combinations of formula-
tion ingredients, fillera, and reinforcements.
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We performed qualitative and semi-quantitative testing of the matrix
material for optimum properties of tear strength, abrasion resistance,
durcmeter hardness, resilience, molding characteristics, and bondability
to steel. After the matrix was tested, the fillers and reinforcemsnts
vere added to our formulations and again tested for the same properties
to rfind ths best materials.

Various urethane matrices were tried, commercicl as well as our own.
Different fillers and filler loadings were used to optimize abrasion
resistsnce and hysteresis. After determination of suitable filler load-
ings, vork continued with short fiber additions to the best formulations.

Ve belleved that the fibers would improve tear streagth while conducting
heat away from the center of the pad, thereby improving hysteresis. While
the fibers greatly increased tear strength, high loadings had a detrimental
effect on hysteresis.

5.2.4. Procedures Used. The following figures will indicate the procedures
that were used in this program. Initially, wa molded hundreds of test
panels by use of the many different polymer components, fillers and short
lepgth reinforcements. Fiber types included glass, Kevlar, carbon-graphite,
metallic, nylon, and polyester. Fillers included silicon carbide, aluminum
oxide, and microspheres of various types. Some of these test panels are
shown in Figure 5-i. The panels were used to determine many properties,
including tear strength, abrasion resistance, high temperature (300°F)
resistance, and resistance to hydrolysis for extended periods in high
humidity. Initial indications of moldability were slso obtained by molding
test panels. Hundreds of these panels were molded -dquring the first two
months cf this program.

On the basls of the results I panel tests, three basic formulations were
selected for further investigation. These were molded into test pyramids
as well as panels. The pyramids measured approximately T/8 in. by 7/8 in.
at the base, 1/2 in. by 1/2 in. at the top, and 7/8 in. high. Figures 5-5
and 5-6 show part of the hundreds of pyramids, including many dirfferent
modifications of the best formulations, that were molded. The pyramids
wvere used to screen the test materials for resistance to hysteresis heat
buildup, or resistance to blowout. Since commercial flexometers cost in
excess of $20,000, we did not consider that this expenditure could be Jus-
tified for this program. Also, there are companies that will perform
flexometer tests, btut the cost per test is relatively high and we required
hundreds of tests, which could lead to time delays in our program. There-
fore, the ingeaulty of our rapid impact test, by use of a simple alr impact
hammer, proved very useful and informative as a guide to our cholce of beet
fornmletions for this application. Figure 5-7 is8 a sketch of the rapid
impact test setup that we used to screen materials, as our rough equivalent
to the TACOM blowout test.

Figure 5-8 shove some of the molds and mold components that we tabricated
for this program. All of these were derived from T142 and T156 pads that
were losned to us by either TACOM or Goodyear Tire and Rubber Company.
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Same of Test
Saxples for TACOM
5/2/83

Figure 5-4. Molded Elastomér Test Fanels

UTILITY RESEARCH
Co.

Some of Test
Ssmples for TACOM

Figure 5-5. Molded Test Pyramids
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Figure 5-6. Test Pyramlds on File Boards
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j
Figure 5-8. Molds and Mold Components
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Our initial prototype molds were comstructed with cluminum~filied epoxy
coamposite. Later molds were made with caust aluminum. In the right fore-
ground are the aluminum molds of the T1L2 pad, and a molded pad in the
lower half of the mold 1s shown in the right background. On the left and
left background are shown plaster models of the T156 pad, and en aluminum
mold for the T156 pad ig shown in the center of the photo.

Figure 5-9 shows the T142 mold being placed into the molding press between

the preheated metal platens. Each formulation required a different cycle
of cure temperature, time, and pressure.

Figure 5-10 shows the T156 mold in a compression molding press during

the molding cycle. Figure 5-11 shows a T156 molded pad, prior to removal
from the bottom half of the meld, and Figure 5-12 shows the molded pad
after removal from the prototype mold and edge trimmed.

Figure 5-=13 shows two pads that were returned to us 'y TACOM after they
had been tested in the TACOM blowout teat. These were early moldings of
our nev formulations, and we were pleased that both the T142 pad and the
T156 pad passed the maximum 100,000 cycles of the test without any signs
of failure. One of the T142 pads that had been subject to this test was
cut through for examination, and the cross section indicated that there
had been no change in the visual appearance of the material. Many similar
materials, with excellent physical properties, are often severely damaged
during this test.

Figures 5-14 and 5-15 are photos of T156 (Ml) track shoe assemblies, which
were delivered st the end of this program to Aberdeen Proving Ground for
road tests. The pads were molded at our laboratory, and were assembled
into belts at the Goodyear Tire and Rubber Company, St. Marye, Ohlo.

5+3. Mold Development and Fabrication

A great deal of our time was spent in the development and fabrication of
the prototype molds that were used to mold all of the pads that were made
during this program. We had hoped that a compression mold, or, preferably
transfer or LIM tooling, would be available to us from TACOM even though
this had not been promised as part of our contract. At one point in this
program, we received word that a LIM mold might be available to us for the
T156 pads, but our request for this tooling was relected.

All of the molds were derived from models of a T142 pad, supplied by

TACOM, ind two T156 pads that were loaned to us by Gocdyear. These model
pads were used to fabricate split shell molds of silicone rubber with
plaster shells. The models were first coated with thin sheetsz of wax, in
order to take into account calculated shrinkage factors for the final
molded pads. Split half secondary models were then cast inte the silicone
molds. These plaster models were used to prepare initially aluminum—-filled
epoxy molds and later cast aluminum molds. Some of these components are
showvn in Figure 5-8. We were pleased with the quality and quantity of pads
that we were able to produce from these relatively low cost molds. We were
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Figure 5-10. TL156 Press Molding
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Figure 5-11. T152 Removal From Mold

URC MOLDED T156

‘ . TRACK PAD
6/30/83

Figure 5-12. URC Molded T156 Track Pad
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Pigure 5-13. URC T142 and T156 Pads After Test by TACOM
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concerned that the tolerance of the T156 pads might cause & problem of
thelr assembly onto the rolis, but this was rot the case and further
Justified our use of the low cost tooling.

5.4. Track Pad Molding

Over 600 pads were produced during this program. All of these were molded
in our prototype molds, by a compression molding process. In the case of
our SER compounds, the milled sheets were placed into the mold and then
cured by the usual heat and pressure cycle. In the case of our formuilated
urethane composites, the liquid system wae poured into both halves of a
mold. Since the liquid wus quite viscous, one~half of the mold c¢ould be
placed quickly onto the second half and then the assembly was placed onto
the press for curing. This process is illuatrated in Figures 5-9, 5-10,
end 5-11. If time had permitted, we would have preferred to set up the
polyurethane composite molding as a LIM process. This would have meant
lower cost per part and faster molding, otut would have taken much time

for tooling and developing a modified molding procedure.

5.5. Pad Elastomer—to-Metal Bonding

The designs of the T142 and T156 pads require that the elastomer bond well
to the adjacent metal. Therefore, we investigated the boanding of the best
candidate elastomers to both the T142 metal plate and the T156 metal
binocular. Various bonding agents and primers wvere studied. We were
successful in developing satlsfactory bonding materials ard procedures.

The selected bonding agent was applied to the surface of the metal Ly
either brush or spray, prior to the usual molding cycle.

5.6. Testing

The only really meaningful tests for the T156 and T1L2 pads are the road
tests that will determine the durabiliiy and wear rates under various
terrain that simulate actual use. However, it would be expensive, and
theres would be great time lapses in trying to schedule a road test for
each series of trial pads. Therefore, it i8 very important to perform
rough screening tests, and similuted environmental tests combined with
physical testing in order to select the best candidate materials for
molding the pads that will be used for the final road tests.

5.6.1. General. We have had & membersiip in the American Society for
Testing Materiasls (ASTM) for many years, and have a good knowledge of
standard test procedures. However, we have usually found it advantageous
to use rapid screening tests that do not conform exactly to an ASTM or
other standard procedures. Therefore, most of the early tests that were
performed during the CLIN 0001l program were modified ASTM tests, which
were run in order to determine the relative merit rating for a series of
related formulations.
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The tests that were run included tear strength, durometer hardnesz, blow-
out test, and relative sbrasion resistance. With regard to the latter
teat, our early sbrasion screening test indicuted that some of our trial
compounds had six to ten times the abrasion resiptance of the standard
SER tank tread material which was obtained from the TACOM lab. Similarly,
in evaluating tear strength, our trial compounds were found to have two
to four times the tear strength of the standsrd SER tank tread. This was
encoursaging because the improved abrasion resistance should correspond to
improve wear properties of the truck pad. 1In eddition, improved tesr
strength should help tc prevent the cutting and chunking which occurs in
crosg~country testa. We incorporated thermally conductive fillers to
help dissipate the heat generated in the track pad rubber at high speeds
on hard pavzment.

5.6.2. Year Strength Tests. ASTM D 52U specifies tear strength tests by
use of different dies for cutting the test specimen. Msny of our tests
vere wade by use of Die B or Die C. Howaver, most of our tear tests were
performed by use of a simple "trouser tear" test, similar to the test
described in ASTM D 1938. These tests were usually run at room temperature,
but many testz were made with samples exposed toc 300°F for up to & hours
and atter exposure to high humidity at about 220°F for eeveral days.

5.6.3. Blowout and Eysteresis Tests. Ouoe of the primary modes of failure

of current tank truéck pads is blowout, which results from excessive heat
buildup within the elastomer. This causes rapildly formed decomposition
gaseous and liquid products that can blow out chunks of elastomer from the
pad surface. The heat buildup is due to the rapid compreusion cycle of
the ped. This problem has been a concern with the MO0 track pads. The
Ml tank is heavier and travels faster than the MEO, so the heat buildup

;E hysteresis problem is potentislly even more severe for the ML than the
0.

We consldered 1t essential to our program that we could screen the hundireds
of formulation candidates for their relative resistance to blowout. This
type of dats, which would indicate the effect of rapld compression cycles
on & rubber sample, can also be obtained by use of a Goodrich or Firestone
Flexometer, as described in ASTM D 623. This type of test equipment can
be used to compare the fatigue characteristics and rate of heat generation
of different rubber vulcanizates when subjected to dynamic compressive
strains. However, it would not be feasible, with the limited time and
funds of this program, to set up a commercial flexometer or a test fix—
ture and equipment equivalent to that of TACOM's. Therefore, we designed
our own method for rapld screening of the relative rating of hundreds of
formlations for resistance to blowout.

Figure 5-7 is a sketch of our Rapid Impact Tester, which contains an air
hammer, Chicago Pneumatic Model CPT15, which is rated at 1,900 impacts/
minute at 90 PSIG.

In order to obtain meaningful results in this test, the geometry of the
sample and impact hammer must be held constant for each test. This

31

LA LTS u-u. WM l
N T St iy ‘—-'\-uu-—\-u n-l-—l-d\ﬁln-m\mwu\-\ﬂ-\'-uvLx-u!\nnu vu-\:‘w ‘nhnh"-l h‘ “ h_n_"u‘n‘h‘u




L T e T 7 e e

e R s e o s AT+ S

WA Wy W WA WU W W W WG WUVWH\.%W AW NJ\-\KW\AIW\A)‘J\F\‘ q\

includes the sample size, and the distance between the top of the pyramid
and the hammer. The air pressure must be constant. During each series
of tests, a known control sample wag run. Some polyurethane composltes
with excellent physical properties would fail in lesa than one minute in
this test. Fallure modes included splitting, or the rapid release of
molten resin from the saple.

The blowout test requirements at TACOM for the Ml pads are as follows:

e Acceptance criteria is au average of 52,000 cycles to blowout
with no individual Llock below 45,000 cycles.

® Test to be conducted on TACOM Baldwin Fatigue Test Machine
Model SF-10-U.

e Ambient temperature and test sample temperature shall be not
less than 60°F.

e Static load of 1,900 pounds with a dynamic locad of 2,300 pounds
(block load=-400 to 4,200 pounds) spplied at 1,800 cycles per
minute.

5.6.4. Abrasion Resistance Testing. ‘here are many AsSIM tests and various
commercial test equipment for messuring abrasion resistance. These include
ASTM D 2228, Abrmsion Resistance of Rubber, PICO Abrader, which involves
the use of tungsten carbide cutting knives as g means for abrasion, and
ASTM D 4060, for determining the abrasion resistance of coatings by use of
the Taber abraser. Hovever, we set up a relatively simple device in our
lab in order to determine the relative sbresion resistance of the many
compounds that we molded into sheets. The device permitted us to apply

a controlled pressure upon the test sheet while the sheet was subjected

to an abrasive wheel.

We used various hard fillers, such 88 silicon carbide, in our formulationms
in order to improve the abrasion resistance of our track pad formulations.
As a control materisl, we used SBR rubber sheets from & conventional TLL2
pad that had been furnished to us by TACOM. The abrasion resistance or
wear rategs of our urethane composites was far superior to that of the SER
control material. .

5.6.5. Hydrolytic Stability Testing. A mejor concern in the use of poly-
urethane elastomers is their resistance to hydrolysis. Many polyurethanes,
which have good physical properties, can exhibit a severe degradation of
properties after even short-term exposure to hwaid couditions. Our prior
experience with these polymers has established a known approach for ohtain-
ing good resistance to hydrolysis, but 1t is necessary to run tests to
verify this property.

A simple long-term test that was conducted routinely during our investiga-

tion of polyurethane composites made use of a kltchen ecrock pot. Water
was placed in this utenslil, and set at a low or medium setting so that the
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temperature vas maintained at about 220°F and a steam environment occurred

at the top of the pot. A nylon mesh was suspended over the water surface,
and the test sheets and pyramids were placed on the mesh. Times varied

- to up to 3 weeks of continucus exposure.

5.6.6. Panel Molding and Testing. Panels vers molded in simple three-plate

comipression molds. The usual molded size was about 6 in. by 6 im. by 0.080-

in. thick. Samples ware then cut from these panels or sheets in order to
perform the variocus tests, including tear strength and abrasion resistance.

5.6.7. Pyramid Molding end Testing. The pyramids were wolded in cust
aluminum compression molds. The size of the molded pyramid was 7/8 ila.
by 7/8 in. base, 1/2 in. by 1/2 in. top, and 1 in. in height. These were
used in order to teyt the relative blowout resistance of various formula-
tions.

$.6.8. Adhesive Bonding Tests. The need for & good elsstomer—to-metal
bond was discussed in S8ection >.5. above. Testing included peel tests at
room temperature and 300°F, and rasistance to hydrolysis after long-term
exposure in hot water. Epoxy adhesives and polyurethane priuers were
lacluded 1ln those studies.

5.6.9. Pormilation, Molding and Testiog of Initial TIk2 (MG0) Track Puis.
After comparing the properties of variocus formulations in molded sheets
and pyramids, lhe three test formuliutions were selscted for molding the
T142 track pads. An aluminum-filled epoxy prototype mold was fabricated
a8 discussed above, and trial T1L2 pads were molded. The initial pads were
cut apart in order to visually exauine the molded pad for internal voids

or defects. Algo, panels of the materlal were cut out of the pad to deter-
mine properties such as tear strength and abrasion resistauce.

5.6.10. Formulation, Molding, snd Testing of Imitiml T156 (ML) Track Puds.
The T156 pad is more than twice the veight of the T142 pad. Also, the Tik2
pad is molded against an eszentially flat plate, vhereas the metal insert
in the T156 has the shape of a binocular. Because of these differences,
the formulation of the molding compound and the molding Erocenu had to be
modified when we wade the transition from molding the T142 pads to the
larger Ti56 pads. The first prototype mold for the T156 pad consisted of
& thin silicons rubber shell, backed with aluminuw-filled epoxy. This was
sultable for several initiml test moldings, but the overall dimensions of
the moldad part were not as precise as we wanted. Therefore, the subse-
quent molds thet we fabricated were made by use of cast aluminum. The
shoulder of one of the split helves had two pyramid cavities. The plan
wvas to use the pyramids, molded during the same cycle as the pad, as a
quality control method for running a blowout test on each of the initial
T156 pads that vere molded. Our polyurethene composite formulations were
mixed in small batches, each batch large enough f'or only one pad and a
small quality control test sheet. The sheets were used to spot check the
tear utrength end hydrolytic stability of the casting.
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5.6.11. Miscellansous Tests. Among miscellsneous tests that were run
throughout this program were Shore A2 Durcmetesr tests ou the various
materials, and thernal conductivity tests on the best candidates versus
the control SEX ped material. We also mede frequent microscopic exsumina-

‘tions of molded parts and test saxples.
9.T. BResults

5.T.1. CLIN 0001. CLIN 0001 was the development phase of this program.
Several thousand panels and pyramids were molded fram over 400 different
formulstions during CLIN O001l. Abcut 50 track pads were moliued. Among
those shipped to TACOM were the following: In June 1983, one T142 and one
T156 were sent to TACOM for testing; a T142 was sent in July; in August
1983, four T156 pads were sent to Yums for road tasts, and two pads were
sent to TACOM for blovout tests. After satisfactory tests during the
CLIN OU0l program, TACOM gave us a contract to proceed with CLIN 0002.

During the last month of the CLIN 0001 program, we observed that several
of our recent formulations might provide much better resulis than the
Utility Research Company (URC) formulation S=12 that had been approved for
us to proceed with tha CLIN 0002 pilot production ruan. We requested a
brief extension of the CLIN 000l program go that we could do some quick .
evaluations of the new formulations, but this request was denied. Ve were
informed that any extended delsy in the pilot production could prevent our
formilation from being evaluated in the scheduled road tests. Thorefore,
we began work on the CLIN 0002 production program.

5.7T.2. CLIN 0002. CLIN 0002 waB the production phase of this program.
After TACOM had tested the T142 and T15€ pads that had besn molded in CLIN
0001, they gave ug the CLIN 0002 contract to produce the pads that would
be required for road testing.

Additicnal molds were constructed for the production of the CLIN 0002 pads.

Since relatively few molds and pads had been made during the CLIN 0001
program, we considered 1t essentisl to initimte Quality control and verify
wixing and molding procedures that would be reproducible. Therefore,
preproduction samples were prepared and tested in our lab and also sub-
mitted to TACOM to verify our production quality.

5.8. Delivery of Hardware

As noted in 5.1.6. above, our contract required us to deliver 50 T1k2
track pads and 6 rolls of 26 shoes each of T156 track pads.

5.8.1. MNolding and Delivery of T1U2 Pads. Sixty-five TiL2 were molded
during the finel months of the CLIN 0002 program. Quality control tests
vere conducted on sheets and pyramids that were molded along with the pads.
At various intervals, about 11 TLL2 preproduction pads were sent to TACOM
for blowout teasts. We shipped 50 of these pads, URC Compound S-124, to
Yuma Proving Ground in daccordance with the terms of our contra~t and
instructioans from TACOM.
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5.8.2. Molding, Assembly, and Delivery of Belts of Ml Pads. Four hundred
T15¢ pads were molded, and quality control tests were conducted on sheets
snd pyramids that were molded along with the pads. Becauze this is a
larger pad than the T142, the formulation of our molding compound had to

be modified from that uszed in molding the T1h2 pad. We shipped 312 of these
pads, plus 20 extra pads (URC Compound S-12B), to Goodyear for assembly

"into belts. We requested Goodyear to ship the completed assemblies to

Aberdeen Proving Grounds, in accordence with the terms of our contract.

The above shipment completed the requirements of our contract.

35




THIS PAGE LEFT BLANK INTENTIONALLY




LIST CF RR "SRR eS8

Patt, J., and Sakalas, P. G., "Failure inalysis Studies of T-142 Track
Pads," Technical Report No. 12561, U.3. Army TACOM R&D Center,
Warren, Michigen (1981)

Marchiando, R., LIM Molded Tire Technolcgy, Pclyurithane Manufacturers
Association, Fall Meeting (1983)

Gottler, L. A., Leib, R. I., and Lambri ™, A. d., “Short Fiber Rein-
forced Hose," Paper No. 20, Rubber D.-Jsion, Awerican Chemical
Society, Atlanta, Georgla (1979)

Gottler, L. A., Sezna, J. A., and DiMauro, P. J., "Short Fiber Reinforce=-
went of Extruded Rubber Proriles," Paper No. 66, Rubber Division,
American Chemical Society, Cleveland, Ohio (1981)

Katz, Harry 8., and Milewski, J. V., "Handbook of Fillers and Reinforue-
wents for Piastics," Van Nostrand Reinholt, New York (1978)

37




THIS PAGE LEFT BLANK INTENTIONALLY

38




u
uy

SELECTED BIBLIOGRAPHY

Bennett, Amanda, "Worst Enemy of the Army's New Ml Tank May Have Been
Itself, U.S. Testing Shows," Wall Street Journal (Septerber 20, 1982)

Bergstrom, Edward W., and Cerny, John R., "Rubber Pads for Tank Tro ..,
Army Weapons Command, Rock Island, IL (1971)

Bergstrom, Edward W., "Development of Wear-Resistant Elastomer for Track
Pads," Technicel Report SWERR-TR-T2-Th, Army Weapons Command, Rock
Island, IL (1972)

Gent, A. N., "Friction and Abrasion of Elastomeric Materials," Technical
Report NASA-CR-146128, TR-1, Akron University (1975)

Gogos, Costas G., and Andrews, Rodney D., "A Study of Elastomeric Materials
for T?nk Track Pads," Stevens Institute of Technology, Hotoken, NJ
1978

Kvet, E. J., "Polyurethane Track Pads," Weapons Technology (March 1962)

Lewis, Robert, "Controversy Swirls Around Supertank," Star Ledger, Newark,
NJ, p. 1 (January 27, 1985)

Patt, Jacob, and Sakalas, Peter G., "Failure Analysis Studies of T-1L2 Track
Pads," prepared for Department of the Army, TACOM Technical Report
No. 12570 (1981)

Sacher, Robert E., Macaione, Domenic P., and Singler, Robert A., "Thermal
Analysis Characlerizetion of Elastomers and Carbon Black Filled Rubber
Composites for ARMY Applicatiocns, Prepared for Department of the Army,"
AMMRC Technical Report No. 85-1k (1985)

39




THIS PAGE LEFT BLANK INTENTIONALLY

Lo

e

e

Y



APPENDIX A

Search Done
by
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Mr- L » '
rasnics T RRIReR 18/ PP 8N rer
US ey Aramient. Reseureh and Development Command
Dover. New Jeviey 07801

March 28, 1983

1N REFLY ALFER TO!

‘Fire Control and Small Ca'iber
~ Weapon Systems Laboratory, FSL

Mr. Harry S. Katz
Utility Research Company
P.0. Box 107

Montclair, NJ 07042

Dear Harry:

We have finished the search you requested on your Purchase Order
No. 30302B in Improved Tank Tread Rubber Track Pads. The search encompassed
five different sources and inciudes the PLASTEC i%%e¢, Engineering Index,
DTIC, and NTIS. The print-outs are numbered from 1 to 24 as follows. Some
references have been removed because of rastrictions on dissemination. The
search strategies are listed for your information.

I, Lockheed Dialog/NTIS Fije

1. ;ggck Pad
2. Track Vehicle
and
Rubbar or Elastomer or Urethane or Polyurethane
3. TYractor
4. lrgei
and
Wear

IT. Lockheed Dialog/Engineering Index

5. Track Pad
6. Track Vehicle
an
Rubber or Elastomer or Urethane or Polyurethane
7. Tractoyr
an
Wear
8. Tread

ITI. DTIC-Engineering Index (Tech. Report)

9. Track Pad
or
Track Vehicle
or
Tractor




.

0.

1L

2.

13.
14.

Combat Vehicle
and

Tires

and
Wear

"Elastomers or Rubbers
Veh? c%c Tracks
—T—

Tanks (Combat Vehicle)

and
Rubbers

13

or Elastomers

Tracked VehicTes
Treads

DTIC-Work Unit S ries (Form 1498)-Work in Progress

15. Combat Vehicles
an
Elasggggrs or Rubbers
16, Treads
Tanks {Combat Vehicles)
an

]7.

18.

19'

Rubbers
racke

or Elastomers
Vehicles

and

Rubbers or Elastomers

Vehlcle Tracks

and
Tires

and
Wear

DTIC-Data Bank Sumaries (Form 272}

Combat Vehicles

20.

21.
22.

23,

24.

and

Elastomers or Rubbers

Treads

Tracked

Vehicles

and
Rubbers

and Elastomers

anks (Combat Vehicles

an
Rubbers

VehicTe

or Elastomers
Tracks

and
Tires

and
Wear
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You will undoubtedly find some duplication in these searches. If you
vant help in obtaining particuiar documents please call me and we will
arrange to have someone procure them. We would try to obtain microfiches
where possible, since you will have access to a reader.

We hope this information wiil be helpful. Our invaice for $300 is
enciosed.

Sincerely,

Enclosures ‘ Harry E- Ty

Chief, PLASTEC
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0 Box107
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[~124

STREEYT & NG,

Build oN
Arnazueat 1N DEDAR S “NTER

1NVOICE NG,

3521

IRV avaan
— 303028

SALESMAN

Landrock

Tanwe

NET

via

Save

28

March 83

300

Gne| Literature Search “Tank and Tire Tread Rubber Materials*

Treasurer of Uni

Mike check payable to
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